Irrigation levels at 100, 90, 80 and 70% evapotranspiration (ETc) formed the main-plot treatments and three fertilizer levels of N:P:K, kg/ha: 300:150:200 (low); 400:250:300 (medium) and 500:300:300 (high), formed the sub-plot treatments. The crop was sown on January 1 st and harvested on May 9 th , 2012. Temporal data on biophysical parameters and reflectance of wheat crop in hyper spectral bands (350-2500 nm) using Spectroradiometer (Model-Field Spec 3 of ASD Inc. Colorado, USA) were collected at jointing and heading growth stages (February 17 th and April 5 th , 2012).
The results of this study revealed that many of the tested spectral indices showed significant response to irrigation levels. But, only two spectral indices showed significant response to fertilizer levels (Plant Senescence Reflectance Index -PSRI and the Photochemical Reflectance Index-PRI). PSRI and PRI were sensitive to both irrigation and fertilizer levels.
The Middle Infrared-Based Vegetation Index (MIVI) showed a significant response to the implemented irrigation levels for both sampling dates. Among the tested spectral indices, Normalized Difference Infrared Index (NDII) and the Normalized Difference Nitrogen Index (NDNI) exhibited the highest correlation to LAI; and five indices showed the most response to wheat grain yield: Near Infrared band (NIR), Water Band Index (WBI), Normalized Water Index-1 (NWI-1), Normalized Water Index-3 (NWI-3), and Normalized Water Index-4 (NWI-4).
INTRODUCTION
The use of remote sensing applications for crop growth monitoring is becoming an essential part of today's agriculture as it enhances the efficient management of agricultural resources. The key factor for precision crop growth monitoring is the selection of the efficient devices and methods for the accurate measurements of crop growth parameters.
Crop spectral reflectance measurements are being used efficiently for crop growth monitoring as they reflect wide range of biochemical and physiological measures. Thus, remote sensing applications based on the measurement and interpretation of the spectral reflectance of agricultural crops are considered as the most important tools for assessment of crop growth and yield performance (Aparicio et al., 2000) .
Spectral
vegetation indices, determined mathematically at various spectral bands, are considered as semi-analytical measures of vegetation activity and appropriate for the assessment of spatial variability in agricultural fields (Vina et al., 2011) . These vegetation indices will enhance the interpretation process of the crop spectral reflectance measured at different growth stages, and hence will help in understanding the response of agricultural crops to management practices. Therefore, remote sensing based on various vegetation indices (VI) is expected to provide important information that will help in the efficient assessment of within-field spatial variability of various agronomic parameters (Hatfield and Prueger, 2010) .
Leaf Area Index (LAI) is considered as one of the most important biophysical parameters for the assessment of crop performance (vegetation health, biomass, and photosynthesis) and for estimating crop yield. Monitoring of LAI during the cropping season will help in understanding the spatial variability in crop productivity. On the other hand, LAI can serve as indicator of stress in vegetation (Duchemin et al., 2006) . The objective of this study was to determine the right vegetation indices (VI) that are helpful in assessing the in-season performance of wheat crop cultivated under different levels of irrigation water and fertilizers.
MATERIALS AND METHODS

Study area
This study was conducted on a center pivot field in Todhia Farm located in the Eastern Province of Saudi Arabia within the latitudes of 24º10' 22.77" and 24º12' 37.25" N and longitudes of 47º56' 14.60" and 48º05' 08.56" E ( Figure 1 ). 
Experimental Layout
An experiment was conducted on a field of 50 ha cultivated with wheat crop (Triticum aestivum L., cv. Yecora Rojo) sown at 250 kg/ha on January 1 st , 2012. Experimental treatments were laid out in split plot design with four irrigation levels as the main treatments and three fertilizer levels as the subtreatments (Figure 2 ). The main treatments were I1 (irrigation at 100% ETc), I2 (Irrigation at 90% ETc), I3 (Irrigation at 80% ETc), and I4 (Irrigation at 70% ETc).
While, the sub-treatments were F1 ( 
Spectral reflectance measurements
Wheat crop samples were collected on two different dates (February 17 th , and April 5 th , 2012) that coincided with jointing and heading stages. The crop spectral reflectance was measured in the Laboratory by a Spectroradiometer (Model-Field Spec 3 of ASD Inc. Colorado, USA), using the contact probe. The spectral reflectance was measured for wavelengths between 350 and 2500 nm, in an increment of 1 nm.
Calculation of spectral vegetation indices
The measured wheat crop spectral reflectance was used to calculate 22 spectral vegetation indices. The vegetation indices tested in this study are presented in Table 1 . 
Wheat crop yield data collection
Wheat grain yield was recorded (t/ha) by harvesting each experimental unit separately using a combine harvester.
RESULTS AND DISCUSSION
Assessment of the calculated spectral vegetation indices
Spectral vegetation indices were calculated from the measured spectral reflectance of wheat crop samples representing four irrigation levels and three fertilizer levels on two sampling dates (February 17 th , and April 5 th , 2012).
To assess the response of the calculated spectral vegetation indices to the irrigation and fertilizer levels applied to wheat crop, the collected data were subjected to statistical analysis (ANOVA). Vegetation indices that showed significant response to irrigation and/or fertilizer treatments are presented in Table 2 .
It was observed that many of the tested spectral indices showed significant response to irrigation levels. But, only two spectral indices showed significant response to fertilizer levels (Plant Senescence Reflectance Index -PSRI and the Photochemical Reflectance Index-PRI).
The results presented in Table 2 revealed that the Middle Infrared-Based Vegetation Index showed a significant response to the implemented irrigation levels for both sampling dates. PSRI and PRI were sensitive to both irrigation and fertilizer levels. 
Relationship between spectral indices and crop yield
The vegetation indices, calculated from wheat crop spectral reflectance measurements taken on February 17 th , and April 5 th , 2012, were correlated with wheat grain yield. From the results presented in Table 4 , it was observed that, among the tested indices, five indices showed the most response to wheat grain yield with the highest R 2 in the range 0.3633 to 0.4894. 
CONCLUSIONS
 Many of the tested spectral indices showed significant response to irrigation levels. But, only two spectral indices showed significant response to fertilizer levels (Plant Senescence Reflectance Index -PSRI and the Photochemical Reflectance Index -PRI).  The Middle Infrared-Based Vegetation Index (MIVI) showed a significant response to the implemented irrigation levels for both sampling dates.  The Plant Senescence Reflectance Index (PSRI) and the Photochemical Reflectance Index (PRI) were sensitive to both irrigation and fertilizer levels.  Among the tested spectral indices, higher R 2 values with LAI were observed with Normalized Difference Infrared Index (NDII) and the Normalized Difference Nitrogen Index (NDNI).  Higher R 2 values with wheat grain yield were observed with Near Infrared band (NIR), Water Band Index (WBI), Normalized Water Index-1 (NWI-1), Normalized Water Index-3 (NWI-3), and Normalized Water Index-4 (NWI-4).
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